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oi 
1.1 IMFRODUCTION 
Tb« QtKinioals wtilob are used to k i l l or eontit)! Inserts , 
nemtodes, s i t e s , noll i ises, rodents, tungl aad weeds are 
iraovn as Inseotlcides, neaatieides, aearleldes, ao l lase le ides , 
rodentloides, fungloldes and lierliieldes. The "super i^esdoals* 
are <$olleGtlvely known as pesticides and thiQr are now esseot ia l 
1Q our affluent l lTes . 
Sone of tlie eoBsaonly used postieides aad tlieir aetions 
and applieations are suonarisod in table l . i . 
1.2 AM L^YSIS GF PESTICIMS 
Analysis of pestieides ean tie grossly divided into two types 
(a) analysis of pestieides in forvulations and (h) the 
pestieides residue analys is . The fomer i s a soieroaiMilysis 
to give pereentage of act ive ingredients present in the 
fonn la t ion hy s>eans of speotrophotonetric, ooloriR«tric and 
chronatographic techniques. These methods are usually not 
applicable to residue analysis becKause of l e s s s ens i t iv i ty 
and spec i f i c i ty . Pesticides residue anslys is involves sot only 
the analysis of the parent oonpound but also the ir SMitabolitos, 
degradation products or a coe^ination of sove of the above or 
a l l . Pest ic ides residues are often preswat in adnute quantit ies 
together with large excess of interfering oo*extraetivoa. 
Residue analysis of pest icides i s needed for health anA 
environnental proteetion, pollution control ate* Sk»mi of the 
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reeently vportttA res««rdhi papers tn t h i s araa ar« aaimarixad 
under the following headingst 
i . 2 , 1 SPOr-TgST MITHCHB 
Spot t09ts are s ivple , senstt ivet se leot ive and e&n he applied 
direct ly (solatioii phase) or indirect ly (Yaponr phase). This 
technique has heen used for ^ e seMiqaantitetive deterwlnation 
of XAA in wheat shoots. It also has heen ut i l i zed ( i ) for the 
detection of trace l eve l s of organophosr^oms insect ie ides 
sncti as wilathion, forvothion* thioneton, dic^lorvos, vethyl 
parathion« dinethoate and f^osi^onedkin in water, so i l and e i t m s 
leaves. The lower l i n i t of detection of the shove pest ic ides 
in water has heen fonnd to %e 5t 25t 25» 8, 3 , 2K> and 9 «i/t« 
respectively. A fluorescence spot-test (2) for the se l ec t ive 
detection of traces of TCA in so i l has heen reported. The tes t 
i s based on the formation of sali i^ladaxine of yellow-greenish 
flttorescenee fron TCA. It i s useful for detecting persistency 
of tCh in s o i l . 
Ghrovogenio reagents were exanlnea for detection of 
52 organoi^iosphorus pest ic ides on thin layer <)itronBtogxtifl»« 
Wost of these pestieictes reacted with s i lver nitrate with 
2-phenoxyethanol nnder 0V irradiation at 0«5^iig/8pot, hut 
calviniJhos, <dilorfenvinpho8, di<^lorvos and nooocAirotophos 
did not. On spraying with o-toluidlne followed \ty OV irradiation, 
a l l dbloride containing orgRiK»phosphoros eottpounds gave v i s i h l e 
spots at l /ug/spot and fenitrothion, parathion and methyl 
parathioR gave white artots (3) . 
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Two sp«eif ie spray reagents (a) 1% m/v euprle i^lorlda 
followad \xy 0 , i^ aiononlaic raetavanadate, and (b) 0.5^ m/r 
potosslun heataoyano far rata ( i l l ) In 0,5^ m/r aodluBi hy'droxida 
for thisf dataction of earljaryl lijr thln-layar dhroimtograpliy 
tfara reported. Tha foriaar reagent baa re lat ive ly higher 
s ens i t i v i ty for the hreakdown products of earharyl, l-nAiAithol 
whereas the la t ter has the uame s ens i t i v i ty for hoth earharyl 
and l-naphthol ( l /og) (*) . 
1,2.2 VOUmfiffRlC METHOSS 
A nodlfied nicro-lc,teldahl d i s t i l l a t i o n aethod has been developed 
for th<» detemination of seeondry crarhai»te pest ic ides in 
technical veter ia ls and in formilatlons (5)* Methylanlne, 
releaaed on alkaline hydrolysis of the sawple Is steaa d i s t i l l e d 
and ahsorhed in horie aold solution whioh la t i trated with 
hydroohlorio aold asif^ hroaN>ere8ol green as indicator* The 
linrit of deteetio» i s found to be 0.02 »nole of act ive ingredient. 
1.2,5 BIOLOGICAL HRTHOUS 
The tox lea l ly aignlfloant residues of pest icides of certain 
classes which cause Inhibition of the enasyse eholi nest erase 
have been analysed by biological nethoda. Ludweig and Brnst (6) 
reported that aoetyleholinesterese and butyrylc^olinesterase 
could be used for the detection of 22 organoi^tosrAiortts pest ic ides 
and 12 oarbasiates. The i i^ ib i t ion of <^oli nest erase by a idxtare 
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of lB8«<rtloid«c is mot a fa&otton of aim •soneftatmtioii ot 
iodlvidaal ooBpotmds so tl3« «azym«i i i^ lb i t ion tedhniqtte miy 
only be used for sorsealng purposes. 
Zouag and Spierenburg (7) reported the separation of 
over too pesticides by TIFTLC and tbelr detootioii and detondiMitioB 
liy ehollnesterase iiriiibltion teelinicine* 
An emsyme inmanoassay for the detendnatleii of atraasine 
in vater ana so i l has be^ ao described by Busfawigr et a l . (8 ) . As 
atrazlne antiseruii' Is prepared l^ derlvatlzin^ atrazlne at the 
2~chloro posit Ion and oovalmitly oonjugating i t to borine gasna 
globalin using a Modified earbodiii^de orosslinkiiig procedure. 
Tbe ooeffioients of variation for atraasine in witer sanplos ot 
atrasine concentration of ^-50 ppb are reported to be 10,0-4,111 
and for atrazine in s o l i samples at h^kO pp» are 16.3>6«%1(, 
Tanini et a l . (9) bave developed autoetated systMS based oa tha 
use of organopliositiorus and <mrbawEite pesticides at very lew 
(ppb) concentration. Tbis teoliniqtie has been ut i l i zed for the 
rontine nonitoring of river water pol lut ion. Sebvedt et a l . (lO) 
have ase«l reaetivable enzynse electrode « i tb acetylcholinesterase 
for tiM differential detection of insect ic ides in traee range* 
Acetylcholinesterase i s immobilized in a vetrix of bovine 
albttsin "iyy erosslicdcing with glutaraldehyde directing at the 
surface area of t^ electrode. A reversible i i i i ibit ioi i of 
atethyl oarbaemte inaecticldos i s detectable from 0,1 ag/L 
(aldioarb) and irreversible iidiibition i s deteetable by phoapiieric 
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acl«l s a t e r Insec t ic ides trow 50 yug/L (dlohlorvos) . After 
oxidation hy broinlne water i*osphorie a d d t h l o e s t e r l o sec t io ides 
(parathlon e tbyl ) or© detectn^il© frees 2 . 5 / o g A . A r eac t i va t i on 
of the ensyne eleotn)de 1^ »eons of ityrldlne-L'-BldtoaElnethyliodide 
aa well as d l i i a r e n t i a l de tec t ion of the th ree ioseo t io ide groups 
in water and on f r t i i t s and vegetablea have aiao been doBonstratoA, 
An enstyiae loBtunoaasay (EIA) has been developed ( l l ) for the 
insec t i c ide endosulfan a i ^ i t s degradation products. The BIA 
i s based on antibodies rnlaed against t h e diol of endoaulfan by 
ivmunizing r abb i t s with a feoybola limpet heoooyanin (KUf) 
enfosiilfandlol con1»gat<». With t h i s nethod endoaulfan can be 
detected in aqas^ons so ln t ions at a level of 3 PPb without any 
sawplt nxtraet ion proeedwre. The oeasar lns range has boen found 
t o be between 3 and ^00 ng/wl.. 
1«2.% OmCtfATOGRAPHIC HgTIKMiS 
1.2.4i.i Paper Ghroi^tography (PC) 
This teohnlque i s the sivpleat sietliod of deteetion and 
separation and has a great sensi t ivi ty for chlorinated 
organophosphorus insecticides* 
Rathore et a l . (i2) have separated triearboaiylie aoids, 
asdno acids and keto acids on {laper ii^iiregnated with cmleiit* 
snli^ato and ealei in carbonate in slwple solvents sacti as 
acetone, ethyl aloohal, d i s t i l l ed water, aqueous sodina crtilorid^i 
asmoniun chloride ai^ oaloiun n i t r a t e . lEtatbore et a l . have used 
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papar Iteqpregufiited v i t h th« liydroxiil<is (13) of a lu»iniu» and 
eaUBittv for separat ion of t h i r t y four organic ac ids found in 
s o i l , water and biologionl n a t e r l a l s . 
1.2*%.2 Onlumn (Stroieatography (CC) 
Diffarent types of s t a t l o m r y phases are used in oolunn 
ohroBSttograpt^ depending a{)on the node of separat ion ligr adsorp* 
t i o n , ion exchange, pa r t i t i on e t c . Ooluva ohroatatography i s 
ooossonly applied for separ:»tion ai»l preconeentration of pes t i c ides 
spec ia l ly oarbaimte pes t i c ides . 
fon-exebanff*» coliiim has been used for preeoneentretioB 
of 2,4,5-1'P and o ther ao ld te herbic ides frow plant e x t r a c t s . 
The plant n s t e r i a l i s e^ctracted with aqueous buffer , the ex t r ac t 
ia loaded on a strong anion exohaniiier eoluvn to ext rac t the 
ac id i c coffi^unda and to e lu te the neutra l and ca t i on i c substances, 
thus a t t a in ing on coluvn t r a ce enridtinent (14). 
1.2,4.3 Llcjuid-Liquid ChroBato|;raphy 
In t h i s technique the separation depends on the su f f i c i en t ly 
d i f fe ren t p a r t i t i o n coe f f i c i en t s , in the se lec ted solvent systeii^s. 
flasiann and Keltrup (15) have used l i qu id - l i qu id ex t rac t ion 
with dic^loroisethane for preconeentration of phenoxy acid 
herbic ides in water aasp les . 
1«2.4.4 fh in r t aye r diroffiiitography (TLC) 
TLC i s one of the nost popular and widely used sepamtioB 
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t«»«hnlqR©». Tfsi» r«»asons lne1«do sase t o 010, wtde app t i i ^ t i e i i 
t o a s rea t iKiefti^ r of difff^rsnt »aiaplt3s, high s e n s i t i v i t y , spe«d 
of 8<3paratlon filial rolati^-ely low cos t . For post iotdos aoo lys l s 
fLC has been used t^oi^  following procedurast 
i .2.4.41.1 Iterpal-ptias© t h l o - l a y e r cAiromtograpiiy (NP-fLC) 
This la the s l ep lea t typo of Tt^ C In which a solvent ayatav l a 
alloved to cleTelop t h e norual j ^ose p l a t e s . This wide of 
d«%re1op»*ut suffio**® for wni^ appl lea t tons and I t l a cowsonly 
used for p«*8tloli1<*3 a r^ lys lg . 
fClanova at a l . (16) have dateradned the t r l a z l n a 
horhleidas by paana of TLC. Savea t r l a z l n a harhlc ldes ware 
detarslnad hy TLC on Sl lufol VTV 25* or Sllitfol and Alofol with 
aavaral reagent ayatei^ (9 t l OloClo^aeetonat 65119 PhMa-^aeetone. 
9«1 caRrci--gtQAC, 9 t l boniseae-aefttlc aold and CSflgClg). Lladta 
of deteotlon nnder WV wore O.Oi and 0,01-0,05 «^ig for o- to ln ld lna 
and M l t ^ e l l * s reagent reapec t ive ly . Spot e lut lon and proeeaalng 
for nv apectrophotoEiotry oauaad apiroxlstatoly y>% loaaea . 
Opong e t a l . (17) aeparated aoiBo rodontlcldaa and r a l e t e d 
eoKpouttda by t h in - l aye r cdirt>imtogra|^y. TLC plataa eoatad with 
LfOtfBF Iilttear»K: S i l i c a gel and three e la t ing aolTents l ,3*dlchIore« 
ethane-IteOB-AoOfl (90t8t2) , CHCl.-MeOB <97t3) aikl eyelohe:sane> 
l,2-dlehloi^0thane-AeOK (75J25sO«6) were used l o r the aeparatioB 
of dlphaeenone, plodooe, valotio, %f8rfarl!3, bxioaiodlolone, 
• I t a M n 1C. and Tltaeiin D . . "Fhe heat vlsuallscatlon rimgent waa 
ptioaphoffiolylDdlo ae ld . The l l w i t of dateet ion waa 1«»8>|]4|. 
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•Wie th t t t - layer e*iroB«to,^rai*lc separa t ion of polyhydric 
phenols on s l l l o a gol G pXotes Impregnated with s l l v a r n i t r a t e 
by nglnr SOjlOjiO C^T?--|i^ff-AcOH ag the dovelopliig solvent I s 
described. Tlie hU. vnliiea were l,2-dlhydro3^'boiizene 64» 
l,3~dlhydroaybenj!ene 33, Ij^i-diltydroaQrbenaseiie 89t l , 2 , 3 - ' t r l -
bydros^lienssene s t a r t poin t , l,3»5-trlhydroa^ybeiMBen« h and 
phenol 70, Th^ re ten t ion va lues , under s lodlor conditions a re 
given for e-dlRietbylph^nol laoiser ( i s ) , A new etethod for 
detectlni? <*iol«stf»rol paction (19) on thin*tnyer s i l i c a gol 
plot eg has t>e«»n «1*?3crt^ed. This rethod for de tec t ing cho les te ro l 
and I t s e s t e r s Anrim TT.C I n d n ^ e s spraying of dried p la tes with 
1% snlffmrlc a d d In %1l RtOH and heat ing the p la te s a t 60 for 
5 n ln . CSiolesterol and I t s e s te r s show orli(»on colour* 
Quant i ta t ive determination of choles terol I s done "isy the net hod 
of J.Dahels (1970). Thf» crlBson oolonr I s s t ab le for a looyg t l n o . 
The detect ion Bethod Is highly s ens i t i ve and e f fec t ive . 
Shersa (20) has usei qaan t l t a t lvc TI^ for the dotemlnat io] 
of orgawjcblorlue pes t ic ides In water seisples. The pes t i c ides 
extracted froB' water aslnf, o 0-18 so l id phase ex t inc t ion 
ca r t r idge Instead of conventional l i q u i d - l i q u i d extract ion* The 
concentrated pes t ic ides are separated on s i l i c a gel l ayers 
aslY^ ^^ijk''^^^A ( i s l ) and CUH-.-lStgO ( i t l ) as eluents followed 
by detect ion with airwRonlacal s t i v e r n i t r a t e so lu t ion and 
quant If l ea t lon by densltometrle scanning. Recoveries of vethosgr-
chlor and p,p*»PDT have been found to be 90^, f o r t i f i c a t i o n 
eonoentrations a re 2,5 and 0,25 PP* respec t ive ly . 
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Cbiell @t a l . (21) have don« the thin-layer 
Ghroetatography of carbamlc acid derivatives. Carbamie aeid 
derivatives ana their aeooRposltion products were identi f ied 
in water by TLC on Silufol"Adsorption TLC was carried oat with 
l t 3 hexaae~Et«^0 as the nohile phase. Partition TLC was earried 
out hy usinjK plates impregnated with vaseline o i l and vohile 
phase ( i t t WegCO-n^ O) saturated with hydroearhon o i l s . The 
detectloa liosit were O.OO5-O.02 i^/L. 
1*2.4.4.2 Reversed-phase thin-layer ohronatoiraphy (RP-TLC) 
Recent introduction of chewieally bonded reversed phase TLC 
plates by several ttanitfaeturers has sade reversed-phase th in-
layer ohronatography (RPTLC) an important t o o l . 
Separation and detection (22) of phenoxyacetlc herbicides 
such as ^-chloropbdnoxyac«»tic acid, 2,^-dlchlorophenosyaeetic 
a d d etc. hav« be«i carried out by ion-pair reversed-phase TLC 
on ealcittffi sulphate coating impregnated with an ion pair reagent 
oetriMde and different o i l s e.g. o l i v e , paraffin as a solvent 
and broBiophenol blue as a detector. Limits of detection have 
been found to h« 20-60 M&< 
»ts» 
1.2 .4 .4 .3 Two-di»ensional thin-layer ohronatoffraphy (2-D-TLC) 
This developln)^ technique i s the applleetlon of norsial, vul t ip le 
or steimlse developBent in two din^nsions. The best known 
applications are those for the separation of c l i n i c a l l y inportant 
carbohydrates and aeino acids (25). So»e of the two divensionat 
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t^ohnlqaes for atid.no acidft lnvolv<» an «l«ctroi^or«tto separatloii 
In ona dltMrtislon and a Tf.C separation In anothor dt^s^aion* 
A tMn layer which iraa mde of wloroerystalliiia e«ll»tofl« 
and slllOR ja;al I s deaerlbadi <24). *ni« tdxed layer not only gare 
good separation for nany ooiMpottnds sudli as acdno acids and imoleio 
acid deriratives on two dinonsiot^l TLO, but a lso avoided 
desalting of the saeiple. I t i s quite saitable for the analysis 
of sons oonpounde in boftjr fluids and the extraetion fro* hiologioal 
nateriala and i t can also be usea for quantitative analysis* 
i»2,^,li .4 Se<i«entlal thi»-*loyor ohroa»tograi*iy (S-TLC) 
When a nixture contains coDi{)OMnd£i that differ considerably in 
polarity, a siriglo developiaent with one mobile jihase nay not 
provide the deiaired soiieration. However, i f the plate i s 
developed successively with different mobile ^ a s e s that have 
different s e l ec t Iv i t i ee or atrengths, a separation wi l l iMWjbably 
be forthcoming. This proeed«r« was f irs t used by Stahl. 
A Bixture of eight herbicides (25) has been analysed by 
S-TT.C on s i l i c a gel Kerck no. 5721 plates . The plates were 
f i r s t developoil in CgHi^ -^StgO ( 3 i l ) solvent systeSf dried in an 
air strean for one hour and then developed again as i i^ O^B j^l-HOg^ 'O-
AcOH (35125«0.05) solvent systew. 
1,2,4,*.5 Multiple development thin layer ohro«RtogroT*y (Jn-TLC) 
If a single developnent of a plate indicates the partial 
separation, the plate nay be allowed to dry and then m y be 
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rr->itM«irt0<l trito t!i@ tlovelopitig c!'<«Bf!3«r for redevalopmeat, Thla 
imy ^<ii repe«te<: afy miBftjfir of tinnas ' int i l a sa t i s fac to ry 
iR#P'":rotlors i s aefit '^«v;?d, "rlesrl^f^ !'j*»rljlotd©8 (26) have toaett 
sftiiarsted ©ncl aet«jn»in0a on s i l i c a gel G '^QBA Plflt^s" using 
CgHj^-BuQAe ( 6 0 J 4 O ) as a aolvetrt systew. 
1*2.4.4.6 Preparat ive t h l o - l a y e r oiiromttogrephy (PLC) 
PI.JC Rtay be d<»fin#d aa t h e TT>C of ro lBt ively large aeaoailts of 
f3Rtf?rla1 l?i ordor to propnro end l ao la t e quan t i t los of swparatod 
sabstenct-*!? for ff«i;" *«r xfotit such acs addi t iona l c l i ro ia i togra i^ 
Ittts-nrea ana lys i s , ii»ltlrtg point dotarcdnation or syn thea l t . 
Layers (€<.75 »«») of aduiiJrture of barium au l i ^a t e and 
oalcluffi! sttlf^ato have been used (2?) for t h e separat ion of 
oarhoJi^lio herhloides , plant growth regu la to r s and earlx>:iiylle 
aolds of Iraportanc© in c i t r u s f ru i t Indust ry . 
1,2.4.5 Gas <Airowitograr*ry (GC) 
I t i s t h e wost senBitlv© tnethod for peot tc ldos recldue a n a l y s i s . 
?iolil# (28) hps r«»r>ortet1 a n^thocl ^asoti on pac'cod oola^m and 
cap i l l a ry gao l iquid chroc^itography for idr tn t l f ica t lon of {^enoaty 
eHt«sr he rb i c i aes . The e s t a r i f i c a t i o n iwtliod with ace ty l chlor ide 
glv«8 a reean y ie ld of 981<» with a range of phenoj^ a c i d s . This 
laethod could he used to produce standards for t h e spec i f i c 
quan t i t a t ive analys is of e s t e r s i a t 'ortiulotions. GC oooplad 
with laass speotroipeti'y (29) has heen used for the ana lys i s of 
|Aieno:xypropionlc sold dor lva t ives possessing herhloldal a c t i v i t y . 
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Fluazlfop^Bu, h a l o ^ f o p e t h o ^ e t h y l and qutzalofop-St aa well as 
t h e i r BetaboHtea aro f i r s t eonvertsd to t h e i r oorresF>onding 
nethyl e s t a r s ana th««i separated on several gas ehroinatographie 
columns (e .g . OV«t, OV-l?* OV-25). 
Lipinskt 0t a l . (3^) have done the CNseputer ana lys i s 
of p e s t i c i d e s . The eonputer aided pes t i c ide analys is suhprogran 
AUTIONTERHIt^ T of gas ohroasatographlc data for pes t ic ides res idues 
in foods i s described with pa r t i cu l a r a t t e n t i o n to the rou t ine 
s t ra tegy aad algori thms. 
Soice S- t r i az ine herbic ides napely sisKizine, a t r az ine and 
pro{»azlne present as t race coisponents in a eorplex Mxture were 
analysed hy gas chrosiatography-BJass spec t roee t r lo (GO-MS) and 
gas cbroumtofraphy-tandur. IBRSS speetrosietrie aethods (31). Even 
tboHsh monitoring the molecular ions was the best in terms of 
s e n s l t t v l t y , adequate analys is could not be done when in t e r f e r ing 
species were present when doubly chorfed ions which appeared 
at c h a r a c t e r i s t i c m/z values were Bsonitored, ehromato^rams were 
ra ther free trow in te r fe rence . More Ir iJortont ly, selected 
react ions monitorinr wos found to provide a se l ec t ive means of 
detect ion with general a p p l i c a b i l i t y . 
In water analysis for c>C~ and ) -HCR, hexachlorobeozene, 
d l l o r , t r e f lpn , TJIvr, DUO and BBl by gas ohrometoKraptQr, the 
pes t ic ides a re preconcentrated by sa l t ing out with sodium sulphate 
(10-15 g/L) and extracted with hexane or pentane (1.5*2.5 tsl /L), 
I» these condi t ions , the eff ic iency of reooveiy of pes t i c ides 
from the water sample i s 70-90^ (32). 
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HPLC and 6C Ijoth ar« ooKptoBB^ntafy and a r« ©fflol^int, highly 
•el#(»tiy«, ri94fUriw^ smell quant i ty of tiM saeple tha t cran ha 
recovered aft«%r aiifily^fa. I t la h e t t e r In spo^d and a l i tp l lo i ty 
of «*}iilpBJ«nt whil4i ITPl.O is pra terahle for analysing thar^sally 
unstahlft n a t a r l a l s . HPLC ooatinuas to find a U8»fal plaoa «» 
an aaa ly t loa l too l for th« seiNetration and datarsdiiatidii of 
r>«8tioid«« roaldues^ 
Gyorffl ••,rj1 f:.ra*.:j:ic/;ti (33) Imvo uaed oapi l lary luaad 
siUei': oolaeMis for higher sen;,):!iivlties aad histt^ir r e so lu t ion 
Of alxt^ten pestles!d^s r«tsia«0S tnoludlitg llrulfin.?, parathlon, 
© n t a a , endosulfan and fonarlsjol In c i t r u s . A sliaple HPLC 
methoA (34) for the determlnation of carharyl deposited a f t e r 
a e r i a l appl ica t ion haa been rspor tad . The oarharyl i s eol lootod 
on a f i l t e r paper, vashed with acetone, and t h e solut ion i s 
oonc«ntri3it«?fJ t*m^ ohrowatowra^mi on a 5 /ii»-GDS oolttm using 
MeCIl-H J^) BB ©lu^nt and monitored a t 267 »». (^rharyl has been 
detected in the range of 35-3500 /«%/» within 200 a froa t h e 
bonndry of ae r i a l app l iea t ion . 
Pestlolrw*? from fUff>rent groups (phenoacycarhoxylate urest 
t r l a z l n ^ , cnrl^aRiate and orga no chlor ine) ware suhjected to 
reverSv^d phase IIPI.C using the sorhent Sl lasorh CIS octadecyl 
s i l i c a gel stBthymry phas<? (>5) '•^iV^ .-h^^noxyoarhoxyllc ac ids , 
t h e soMle pirnss w.:-& aqu<^ous lleOB containing 0.0%H aodiyaa 
sulphate , O.o;^! potassiuH! diliydrogen ifiiosphate or 0,0^li 
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t^trsbtityl anmonliitt hydivgen salpbate to ivprove r«produelblllt7'. 
MeOlf-ngO veMle phase (different eoneentratioBs of MeCIT) were 
used with urea ai^ trlazlne h<irhloldes. Capacity rat ios of 
earhavate ai^ oi^aaoehlorlne pest ic ides depended on the eonoen* 
tratlon of MeOR (3^90$) In the MeOlf-II.^  aohlle phase. The 
absozliaaoe rat ios at 280 and 254 ns In HOOB-^ BM^ ashl le phases 
are nsed for detection of these pest ic ides . Tekel et a l . (36) 
deYeloped a siethod for detection of the residues of trlazlnSf 
oyanazlne* prossetryne, slSMxlne and terhutryne la sdlk based on 
HPLC and alternately TLC. fhe wmttmd Is salt able for nonltorlng 
of the residues of tr lazlne herbicide In nl lk . Savelsberg et a l , 
(37) osed stationary phases In RFLC and TLC for saeple preparatloB 
and separation of plant protection agents. Stationary phases 
for IWhC deteroslnatlon of slnazlnot ati^zlne, dluron, 
o(-endosulfan and enrlehnent by solld-phase extraction are 
described. Deternlnation of glyphosphate in leaf extraet i s given. 
Deternlnation of io^Qrsrtl, MOPA and florenol by TLC with 
eoneentratlon xone i s discussed* 
1 • 2 . 5 SPf! CTnOPTIOTOMSfTR IC KCTHODS 
Speetrof^otoKetry of pesticides residues does not achieire the 
sens i t iv i ty of TLC and OC tedbiniqaes* It nay not be able to 
distinguish between the parent oovponnd, sietabolltes and 
hydrolysis products but ean be used with ohroaatography as a 
oonfirvatory techniqno. 
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1.2,5.1 W flrnJ Visible Speetroi'liotocsetry 
xn «M»thods requ i re a r igorous olftnn-up of the ex t rac t t o ensiiro 
tha t the f ina l aolutlon i« free froB enjr t ie tor ia t tha t w i l l ahsorli 
l i g h t in tho region of spectruv where pes t ic ide content i s to he 
Koasurect. I t i s oomonlv uaed in t h e de te rn ina t ioa of eonponnds 
wUloh are d i f f i c u l t to c^iroBsatograph e»g. t h e acids 2,4HD and 
2f4,5-T and the ionic b lpyr id ln lu^ herbicides diqtiat and paraquat . 
A d i s t i n c t advantage of spectrophotometry in v i s i b l e range I s 
tha t i t i s readi ly adoptable to autonated analyses . 
Rangaswatw!- et a l , (38) have develof>ed a colorlrcetr lo 
»«thoc! for the de temlna t ion of carbendazlBj (KBC), benorvl and 
t h e i r des:rad«tlve product, 2--»inlnoben«lrldazole (2-An), Allraltne 
hydrolysis of J*BC with 6.5N sodluis hydroxide y ie lds methanol and 
2-AB, Hethai^l on oxidation gives foriealdehyde which i s coupled 
with the chroBiotrorle a d d reagent and then detenolned. %y t h i s 
•ethod as l i t t l e as 1.5 /ag of eethanol can be estlG>ated. 2-AB 
on alicaline lodlnat ion foriss reddish brown BI»lodo-2-AB with an 
absorpMon naxlim* at 400 am and serves as a neastire of HnC 
with a lower l l M t of detersiination a t 3/«i» Benotyl i s 
hydrolysed with O.iN hydrochloric acid in a waterbath for 15-30 win 
to cleave the butylaminooarljonyl group. The r e su l t an t KBC I s 
a l k a l i hydrolysed as above, fhe l i nea r r e l a t ionsh ip of nethaiK)! 
and MBC are va l id ui to 25 and 15^ v%/3 i ^ of reac t ion idxture 
respec t ive ly . In the case of 2»An, t h i s r e l a t ionsh ip a t *00 i » 
I s obeyed unto kOfag. Recoveries of 87-100^ have been a c h i e v e . 
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Sp«etrod«iisltott!etry eonpled with S-TLC has been used (25) for 
the 8«paratioii aad d«ter»lnatioii of diphsayl. eth«r group 
herbicides Including altrofen, o:Kytltiorfen, Mfenox, floorodlfen, 
adf luorfon, fetmsafen, (^loroxaron and dlphenoxaron, Oocsponents 
of f ive pharaaeeutleal preparatloiMi (39) eontalning organie aeids 
(2-ae«to:aiybem:olo aoid ( I ) , I with aBiinosoetlo aeld, 2-hyd]:^]^-
henzanlde with 4<-aRliiobenzole aeld* I with phenaoetln and 
carbromol^ and I with ascorbie aoid) were separated by TLC on 
s i l i e a gel and dotemined densitonatrloally. The resul ts were 
eoirparable in aocuraoy with those obtained by spectnt^otonetrio 
methods, (^ganochlorine inseotie ides were extracted fros water 
using a 0-18 so l id phase extraction cartridge (4tO). The 
concentrated pest ic ides residues were spotted direct ly on s i l i e a 
gel TLC seP'Hration (stOACy heacane*benzene ( i t l ) end he3Cane-*Bt20 
( i l l ) were used as eluents)* followed by detection with amsoniacal 
s i l v e r nitt^te solution and qnaatificatlon by densitonetrie 
scanning. When reaoval of interfering constituents was required, 
the extraction was chroeatonraphed on a water-deactivated 
s i l i c a gel oolnnn. 
1«2.5«3 Fluorlwetry and Phosphor!iwstry 
Se lec t iv i ty of Beasure»i>nt and sens i t iv i ty of determination of 
these methods are greater than those discussed under i«2*5>i and 
1.2.5«2. The sample should be free from naturally occurring 
biological materials which produce fluorescence. A sens i t ive 
fluorimetric method (41) has been developed for tt» deterid>nati0n 
^^ 
of Indol'i-derlvatlvfl ptfsnt groi*t»i regula tors (lAA, IBA and I P A ) 
of tho auxlu group. The nethod I s based on th« react ion of 
auxins with o-fhthalaldehydc In conG«ntrat9d sulphuric ac id . 
Raenset «t a 1 . (42) made f lno ro re t r io detect ion and quan t i t a t i ve 
doterti ination of orjienlc acid preservat ives in food. 
So«e other inportant teehniqtiee a re dlaetissed heret 
Iden t i f i ca t ion of a tkyldtpyridi l inif herMoidee (paraquat 
and dlqtiat) (43) has been wide hy using IR spectre of t h e i r 
insoluble solts prepared by adding ch lorop la t in ic ac id , ohloro* 
aur i c ac id , p i c r i c acid or Relnecke s a l t to 2 V^/VAJ aqueous 
solut ions of these herb ic ides . The winimin l i m i t s of p r e c i p i t a -
t i on of the s a l t s a re found to be 10-100/ig/rL paraquat or d iqua t . 
Paraquat ch loropla t ina te i s laore soluble than diquat chloro-
p l a t i na t e whereas both ehloroanrates a re insoluble t o the sane 
extent . This d i f f e ren t i a l s o l u b i l i t y enables f rac t ionat ion from 
t h e i r Biixtures. 
I'D I orography has bean applied to the de tec t ion and 
est is iat ion of several pe s t i c i de s , i luant i to t ive jHilarography (hk) 
i s based on the ceasureBient of the diffusion current i . e . height 
of the polarographic wave. A d i f f e ren t i a l pulse polarographic 
method ualnis; a dnappit^, weroury electrode has been reported for 
the de temtna t ion of herb ic ides , a t r a H n e , proroetrlne and 
slwajBlne. The l iw i t of de tec t ion i s found to be S x 1 0 * ^ , 
eorrespontlluf to about 15Aig/L. Golcolea e t a l . have determined 
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(*5) chloriiiaxon In aol l by d i f f e ren t i a l pulse polarograi^ty. 
fh« peBSMreeents hav® be@n car r ied out In O.lif sodlue perohlorate 
and Brltton-Roblnson buffer <pl1 1.81) by using a dropping 
mercury e lec t rod©, A resluctlon wave I s obtained a t - 0 . 9 V, 
Effecta of dro|i t ime, modulation, amplitude, soannlt^ r a t e , 
mercury pressure, temperature end pH have been evaluated. The 
aeld-base dtaaoclat lon conatants «r<» reported t o be 3.2 (pK^) 
and 6.0 (pKg), The l imi t of detect ion la found to b e ' - 0,166 ppm. 
Fenl t ro thlon and metbyl parathlon have been determined (kC) 
by polarography In an etbanollc so lu t ion a t pll 7*0 nslng a 
Sorensen's buffer so lu t ion as supTHjrtlng e l e c t r o l y t e and 0,5?t 
g e l a t i n as suppressor a t 25 . The method la appl icable even lo 
the presence of malethlon which fo i l s other analysing teohnlquea. 
The minimum concentrat ions for the programs recorded a re 0.104 Kg 
and the hal f wave p o t e n t i a l s , -O.gs V and - 1 . 0 V for fen l t ro th lon 
and methyl parathlon respec t ive ly . 
The papers dlseussed aljove show tha t non-Instrumental 
and Instrumental techniques have been used for pes t i c ide ana ly s i s . 
Instrumental methods e re u l t r a s e n s i t i v e , cost ly and so;4ilst lcated 
but they are s t i l l not eas i ly ava i l ab le In mtny places especia l ly 
In developing count r ies . Non-Instrumental methods a re simple and 
Inexpensive b«it l e s s sens i t ive so they are being used In 
l abora to r i e s with small budpet, Tt I s a lso c l ea r from l i t e r a t u r e 
survey tha t most of t h e papers published In the area of t h in - l aye r 
chromatograptiy are from th i rd world coun t r i e s . Therefore In 
t h i s project effor ts have been made t o develop new mater ia l s for 
t b ln - l aye r chron^tography for the separat ion of herbicides In 
sliTule solvent systems. The r e s u l t s obtained are described In 
Chapter I I , 
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C H A P T E R - I I 
CHROtlATOGRAPHIC BSmVIOUR OT SPUE HBRBICgDgS 
ON SILIQI GEL 6^ 
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ABSTRACT 
An aaBdxture of s l l l o a g«l Cr aad oftleiuv suliOiate 
( ls4 w/w) nanad as s i l i e a gal G^  i s usaU as a fLC aatarial 
for tha saparationa of 10 oarboJiyllo acid harbloidaa in 
19 eowaon aolventa. Botm of the ivportant saparationa aebiarad 
arat 2,%*diohlorop1i«no^ae«tlo aeld from iBdola*3*«eatie aeld, 
Y •naplithalanaaeatie aeld and }3-nai>httialanaao«tie aeidt 
^-naptitbalaneaGatie aeld frow g a l l i c a d d and i n ^ l e - V a e a t l o 
aoidi f^-nai^thaleneaoatic a d d fro« l>»olilorophanoxsraoatie aold, 
2f4-dld)loropbanoxyao«tlc aold, ^ -nai^thoxjracatio a d d , 
2,4,5''trldhiloropbanoi9'ac9tlc acid and phenoayaeetlo aeldf 
trlohloroaeatlc a d d frott Y-n«phthal«a«ocatlo a d d , ^-iMipli-
thalaneacatlc acid and pbanoxyaeatlo a d d ; and trlehloroaoatle 
a d d froffi V-naphthalenaacatic a d d , ^-nai^thalenaaeetio a d d 
and indole-3-aoatlo acid. 
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Previous work (1*5) oarrlod out In t h i s laboratory 
shows that ealeiun sulphats i s a good TLC m t s r i a l for tbs 
saparatien of organle acids i<^il« s i l i o a gal 6 ean not ba 
usad for th i s purpose. Now i t has baan found that an 
advixtnra of s l l i e a frel G and oflleiuK salptiata ( i t4 w/v) 
noNid as s i l i o a gal Oj^  i s a good TLC siatarial for tha 
separation of organic acid harbioidas. Tha sapaxntioin whi<di 
are not possible on e i ther oaleinst suli^ate or s i l i oa gel 6 
alone ean be achieved on a i l i ca gel 6^ ,^ The results obtained 
are diseassed in th i s chapter. 
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A Stabl apparatus with a UQlvarsal applicator 
(tblolcnesa of the applied layers adjustable fro> 0«29»2.0 m ) 
(nade In India), g lass plates (20 x 4 as ) , g lass Jars (25 x 5 o») 
and tesiperature oontrolled e l ee t r i e oven (Tenpo,India) ware used* 
Reagents and dieaieals 
CaleluB suli^ate dlhydrate and s l l l o a gel 6 Oferok,India), 
s i lver nitrate (fRiH), soap and detergent (Rindustan Lever Ltd*, 
India), brosDphenol blue, herbleldes and plant groi«tli regalators 
(Signa,U.S.A.) were used. All other eheidleals used were of 
analytloal grade. 
Preparation of Solotlons 
Si lver nitrate solution was prepared in d i s t i l l e d water 
and kept in a dark eoloured bott le to prevent oxidation. Soaps 
or detergents (2 g) were shaken with 100 sA of hot ethanol and 
f i l t ered . The elear f i l t r a t e obtained was used for the 
ehroBMitographic studies (?)• Solutions of herbleldss and plant 
growth regulators (2^) were prepared in ethanol* 
Preparation of Plates 
Sl l loa gel 6 (%0 g) was »ade Into a s l u n y with 
d i s t i l l e d water (70 n l ) and a 0,5 •» thick layer was applied 
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to t!i€i glass plates with th« h«ilp ©f this applicator (ooatlng t ) . 
The pl0t»s wf»r« f i r s t allowed to dri-- at roo® temperature and then 
o 
In 0 teiBperatare eontrolloil e l e c t r i c oven at 110 for 1 hr. 
Spotting of Test Solution and R^^ Values 
f e s t solutions (2% etham}llo) were allotted on the plates 
with a fine capi l lary. The spots were dried in the oven at llO 
for 2 Kin and then the plates were developed. For t a i l i n g , the 
front l l M t ( H I ) and rear l i » l t (RT) were veasured i ^ i l e for 
ooKpact si^ots R- values were calculated in usual way ( l ) , 
IdeBtifioation Method 
file herbicides and the plant growth regulators on plates 
were visuali»od by spraying with ethanolic alkal ine solution 
of broBoi*ienol blue (0.1^), 
Varioaa Types of Coatings used 
Ooatli« I I S i l i ca gel 0 (40 g) • D.W. (70 » l ) 
Coating II s Celcius; sulphate (lO g) • S i l i ca gel 6 (hO g) • 
D.V. (115 »1) 
Coating III t Oaloiuw snlphate (20 g) • S i l i ca gel G (30 g) • 
B.W. (115 •>!) 
Coating IV I Caloiur suli^iate (25 g) • S i l i c a gel G (25 g) • 
D.w. (115 »1) 
Coating V I Calciuii! sulphate (30 g) • S i l i ca gel G (20 g) 
• D.V. (115 »1) 
i 0 
Coating Tt t CBlelttM sulphattt (35 g) -*- S i l i e a g«l G ( l 5 g) * 
D.W. (115 e l ) 
Cioatliii; VII t OatoluBi sulphate (40 g) • s l l l o a g«l 6 (lO g) 
• D.W. (115 a l ) 
Coatl i^ VIIT J CSaTcluK sulphate (45 f ) • S l l l o a ??el 6 (5 g) • 
D.W. (115 Hi) 
Coating IX J CalcluB! sulpbnte (20 g) • D#V, (45 ml) 
Ooatirig X i Caloiim sulphate (20 g) • S i l v e r n i t r a t e (SO mg) 
• 0 . ¥ , (45 ml) 
Coating XI t CalGltm sulphate (20 g) • S i l v e r n i t r a t e (2 ng) • 
0.W. (45 »1) 
Coat!tug XII I CalelufE sulphate (20 g ) • e a l c l u r n i t r a t e (0 ,5 g) 
• » .V. (45 «Bl ) 
Coating XIII J Lead sulphate (40 g) • D.V. (35 » l ) 
Coating XIV t CaloluB sulphate (lO g) • Lead sulphate (lO g ) 
• D.W. (30 »1) 
Coating X? I CilGluis su l i^a te (20 g) • Lead sulphate (40 g ) 
• D.V. (100 Hi) 
Coating XVI t S i l i e a ge l (20 g) • Titanlun oxide (0 .3 g ) • 
D.V. (50 Bl ) 
Coating x n i t Caloiun phosptiate (20 g) • D.W. (45 a i l ) . 
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ATjbrevlationa used ar» PXft • pbeimMyacetic a d d , 
C**JiA « p-ohlorophano:ayac6tio acid, 2,4-D * 2,^i-dichloropli9i»JQ^-
aoet ic aold, 2,4,5-T « 2,4,5-trlchloroph©no3iyaootlc a d d , 
Ta\ » trichloroacetic acid, >'-Ml*A " ^ ••naphthalarieaootlo acid, 
1?^ -NPA * j^-iif»j)htfial«n«ac9ttc acid, B-NPM » p-reaphthojijraedtio 
acid, GA • guIHe a d d and TAA « lndol«-3-ac®tlc a d d . 
Results of th« ehroBstographio bahavlonr tor tha different 
addxturea of s i l i c a gel G attd e a l d u n sulphate in propanol are 
shown in taDle 2 . 1 . n^ values of the oonpoiinds under study 
(sriven aljove) on ealciun sulphate ii»pregnated with s i lver nitrate 
(ooatlng X and Xl) and ealduR nitrate (ooatiog XII} in d i s t i l l e d 
water were found to he 1. R^  values of these oonpounds on lesd 
sulphate, t itaniun oxide, ea ldun phosphate and the ir adsixtures 
ar^ snenmriz«*d in table 2.2» Chronatographie data on s i l i c a get 
Gj. (siOglCaSOjiJlJli) in different solvents are recorded in 
table 2.3* Separations achieved on s i l i oa gel 6j^  are given 
in table 2,%. 
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Ta1)le 2.4 Separations acht«T«d on coating VII In d i f ferent 
so lvent systems 
CoiKpounds 
separated 
Fro» Solvent 
systeiffl 
(2.8«-8.3 OBI) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
(1) 
lAA 
(1) 
(1) 
GA 
(1) 
GA 
(1) 
^-HPA 
<1) 
lAA ( 1 ) , o<-IIPA (1) and l^-NPA ( l ) 
CPSI <o-6.5 OIB), 2 , 4 - B (0 -5 .5 e » ) , 
f^WM ( 0 -5 .5 m) and P » (0-6 e«) 
CPXI (0 -8 ,5 0 » ) , 2,*-D (0 -7 .5 on) , 
|?>-MPJ8l (0 -7 .5 o « ) , P«^ ( 0 - 8 . 5 « » ) , 
2,J|,5-T (0 -7 .5 c«) and TGA (0-7 em) 
a p » (0-%,5 « » ) , 2.4-D (0-5 <ni), 
j^-spm (0-6 ©Bi), P'^ (0-8 o « ) , 
2 ,4 ,5-T (0-5 c») and TCA (0-3 est) 
CP»^ (0-6 e » ) , 2,4-D (0-5 c « ) , 
2 ,4 ,5-T (0-7 cm) and TGA (0 -4 .5 «• ) 
CPXA (0 -4 .5 e « ) , 2,4-D (0-4 .5 « i ) , 
(5^ -NPA (0-6 ©•), p-NPJft (0-6 am), 
2,^i,5-T (0 -4 .5 C B ) , TCA (0-7 ©») 
and PX^ (0 -6 .5 em) 
CPSA (0 -6 ,5 cw), 2 ,4 -0 (0 -6 .5 O"), 
(^  -NPia (0-6 esi) and P » (0 -5 .5 e») 
CPSA (0 -6 .5 o » ) , 2 ,4 -0 (0-5 em), 
p-llPlA ( 0 - 7 . 5 e©), PXA ( 0 - 7 . 5 « i ) , 
2 ,4,5-T (0-5 «») and TCA (0-3 en) 
C^XK ( 0 -5 ,5 « B ) , 2,4-D (0 -4 .3 ClB)f 
p'-NPXI ( 0 - 5 . 5 ow), 2 ,4 ,5-T ( 0 - 7 . 5 
and TCA (0-3 em) 
CPXA (0-7 em) 
e thano l l e 
soap s o l u t l e a 
angrl a leobol 
ethanolle 
detergent 
solotien 
ethanol 
2-propanol 
pjnrldlne 
aagrl 
aleehot 
ethanol 
2-propanol 
aagrl aleohol 
( fable 2 .4 eontlnucd) 
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Coppoanuls 
•«parat«d 
Fro«E SolT«nt 
Y-NPA 
(1) 
.X 
-NFA 
(1) 
(1) 
(3.5-7, 
^-NPA 
(1) 
P^  -NPA 
1(1) 
5 e») 
( l -NPA ) 
1*^  "HPA 
Hi) 
'(1) 
P>-NPA 
(1) 
CP» ( 0 - 8 . 5 e » ) , 2,*-l> (0-7 e » ) , 
p>-iflP«i (0-8 c » ) , P » ( 0 - 7 . 5 «») 
and 2 ,4 ,5 -T (0 -8 .5 e») 
CPXA (0 -8 .5 ©»), 2,4i-D (0 -7 ,5 ©»)» 
(^-?fP» (0 -7 .5 « » ) , f'X^ (0 -7 .5 e « ) , 
2 , 4 , 5 - ^ (0-8 cw) and TGft (0-6 em) 
CFSA ( 0 - 6 . 5 e»s), 2,4i-D (0-6 Oifi), 
p -^NPXA ( 0 - 4 . 5 OBj), 2 ,4 .5 -T (0-5 C»)t 
fCA (0 -7 .5 e») and PXA (0-6 ow) 
6A (0) and TCA (0 -2 .5 o») 
CI'XA (0-5 .5 o » ) . 2,4-D (0-5 OBI), 
p>-m»i(A (0-6 © B ) , 2 , 4 , 5 - T (0-7 cw) 
and TCA (0 -5 .5 o») 
CPXA (0 -7 .5 ©•) , 2 ,4 -» (0 -7 .5 <») , 
p^-NP^ (0-8 cm), VU ( 0 -8 ,5 C») 
and 2 ,4 ,5-T (0-8 CBI) 
p--NFXft (0 -7 .5 CIB;^  
XA (0-6 ow), 2,4-P (0-7 ew), 
A (0-7 am) awd PXA (0 -7 ,5 o«s) 
€!P 
TC  C« 
CPXA (0-5 e » ) , 2,A-D (0-7 e » ) , 
p>-NPXA (0-4 em), PXA (0 -6 .5 em), 
2,4,5-1' (0-6 e») and TCA fO-4 em) 
CI»m (0 -8 .5 OK), 2 , 4 - D (0-5 «»»), 
B-NPXA (0-6 Gw), 2,4»5-T (0 -7 .5 «») 
and fCA (0-4 co) 
i - b u t a m l 
•thanolie 
detergent 
solution 
•thanol 
nltrobenxeno 
2-propaaol 
l -butanol 
ethanoll© 
soap 
s o l u t i o n 
ffthanolle 
detergent 
s o l u t i o n 
etham»l 
2-propanol 
(Tefel* 2,k <mntlitn«d) 
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ConiKiiinds 
•«par«t«A 
Pro» 
systta 
^ (0 
<1) 
(0-7 em) 
( 3 . 5 - 5 . 3 o») 
(1) 
CPXIi (0-5 ett), 2,^-D (0-%.5 ©a)^ 
t?>«-NFm (0-5 ©•)• <-NPA (0-6 Oi ) , 
i m (0 -6 ,5 en) and 2,%,5-T (0 -5 .5 o») 
GA ( l ) and lAA ( l ) 
Y-HPA (1) and 2 ,4 ,5-T ( l ) 
X-NPA ( l ) , p-HFA (1) aM lAA ( l ) 
>{-NPA ( 0 ) , p-NPA (0) and PJCI (O) 
pyridine 
d l 8 t i U « d 
water 
mi^l aloohol 
e thano l l e 
soap 
s o l a t i o n 
d i s t i l l e d 
water 
Abbreviations used are defined i n rest i l t seot ion* 
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PISCPSSIOW 
Table 2#1 shows that a l l the oo«!pound8 M«<ler study 
brre Sj T^slues 0 and 1 on slHcft f©! 0 and caletur st^lph»t« 
respftctlYelj' so they can not he separated on e i ther one. 
lAA hrePks down In two ©T'Ots which correspond to Rj. value* 
0 and i on s i l i c a gel G while i t rentalns a single spot end 
correspoadg to R^  volua 1 on calcitro eulphate. All the 
ooni>ound3 start •oviag on mixlni^ c«lolu© sulf^ate in 8il i<» 
gel G as i t i s e^cpeoted frois the ir R^  irelues, 1,«. 0 and 1 
on s i l i c a gol G ana calcintn stili^ete respectively. The 
hrealclnf of tAA into t^o 9pntn wns prevented hy mlxlns e«lciii» 
salphste in s i l i c a gel G (312 wAr), Therefore, I t i s clear 
that s i l i c a g^l G i s not a good TLC material for the ohrosate* 
gr&pby of IAJ\ due to i t» degradation on s i l i c a gel G TLC plates . 
The degradation of TAA on e lI lea gel G has also heAn reported 
hy Jackson and Ifewiu (6). f t i s also clear frosi tstble 2.1 
(coating VII) that s i l i c a gel Qf^ has hetter ehrocatographio 
potential than other coatii^s because i t has dif ferential 
nobil i ty of the herbicides under study? out of 10 herbicidiMi 
4 have a oospaet spot which corresi^onds to R^  value i , 5 are 
ta i l ing frow 0-7.3 en ana i'Sh t a i l s only upto i effi. Therefore 
th i s eoatiiig has been studied thoroughly* 
Table 2,2 shows that lead sulphate (coating XXII) i s 
not a good TLC amteri.il because K-NPA, |^ -IH»A and lAA break 
dotm into two spots corresponding to R^  values 0 and i* The 
chroeiatographic potential of lead sulphate can be ivprovedi 
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\sy idxing with ealolua sulfAiate. As a result the separatloa 
of cx'-WA and f^ -NPA fro» renalnlng herbleldes baeonaa poaaihla 
on coating XtV containing ealclun sulphate and lead auli^ata 
( i t l w/w) In acetone. A nlxture of a l l loa gel G and tltanlma 
oxide (ooatlng SVI) Is unsuitable heeauae PJOi, Y~N*'A, /=^ ,-MPA 
and TAA tireak d^'^in Into two 8|^ >ots. Chronetogrtiphlo behaviour 
of ealcluii f^aphate (<M»atlng KVII) la s l v l l ar to that of 
oeleluK sulphate heeauae a l l tha herblcldet) have R^  V£«lue 1. 
Table 2.3 nhovn the ehro»atograi)hlo hehn^lour of 
herbicides on a l l i en g«l G^^ In different solvents. The t l«e 
tak«^ for eseandirjff 10 cm of TT'C co5»tlnf Vfl hy different 
aelvtnts 1© In th^ follo^'lng «>r(!^ rt proT»enol (7<5 BBIO) • Avyl 
alcohol (70 ffiln) * toap solution (70 t d n ) ^ butaaol (60 adn) 
/•ethanol (55 Rla) )> chlorob«'n2«ne (30 stln) » nitrobenzene 
(30 I'ln) • coconut o i l (30 adn) • detergent solution (30 adn) • 
pyridine (30 mln) y henzen« (S2 isln) • dlo:«:ar!(<) (22 win) N 
chloroforK (15 ©In) « oerbor) tetrachlorlds (15 isin) )> hexanrt 
(13 mln) )^  acetone (lO Edn) « aci?totiltrne (lO mlu) « d i s t i l l e d 
water (10 cdn) » 15^  aq.Ajs^ NO- (lO ©sin). 
The separations achieved practically in these solvents 
are l i s t ed In table 2 .4 , such as p?-KPA froei 2»4-*D In ehlorofox«» 
[D-NFA from lAA In d i s t i l l e d water and TCf^  froie VM in d ia t i l l ad 
vater* 
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Sl l iea f«l G 1« an exe«ll«iit fLC aait«rlal and i t has 
baan as«a for the separation of nunarous organic conponnda. 
Unfortunataly, alHoa gel 6 enn not b« used for tha separation 
of carijoiylle aetd harMelftes as thav hava tha R^  vaTaa 0 
l . s , thav do not chroisatoj^rapli. The newly c^evalopad adoiixturat 
a l l loa e<*l G. is an axe«llnnt TIC netarls l for the saparatlen of 
oarboxjrllo aeid herblcldas. 
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Chromatographic Behavior of Some Herbicides on a IVIixture 
of Silica Gel and Calcium Sulfate 
Hamir Singh Rathore*, Sushil Kumar Saxena, and RachnaSharma 
K e y w o r d s : 
TLC 
Calcium sulfate coatings 
Herbicides 
Plant growth regulators 
Silica gel G 
Summary 
A mixture of silica gel G and calcium sulfate (1 + 4, w/w), named 
silica gel G,, has been used as stationary phase for the TLC sep-
aration of 10 carboxylic acid herbicides in 19 common solvents. 
Important separations achieved include: 2,4-dichlorophe-
noxyacetic acid from indole-3-acetic acid, a-naphthaleneacetic 
acid and /J-naphthaleneacetic acid; a-naphthaleneacetic acid 
from gallic acid and indole-3-acetic acid; /3-naphthaleneacetic 
acid from p-chlorophenoxyacetic acid, 2,4-dichlorophe-
noxyacetic acid, /3-naphthoxyacetic acid, 2,4,5-trichlorophe-
noxyacetic acid, and phenoxyacetic acid; trichloroacetic acid 
from u-naphthaleneacetic acid, /ii-naphthaleneacetic acid and 
phenoxyacetic acid; and trichloroacetic acid from a-naphtha-
leneacetic acid, 0-naphthaleneacetic acid and indole-3-acetic 
acid. 
1 Introduction 
Previous work [1 - 5 ] in this laboratory has shown that cal-
cium sulfate is a good material for the TLC separation of 
organic acids while silica gel G can not be used for this 
purpose. It has now been found that a mixture of silica gel G 
and calcium sulfate ( 1 + 4 w/w), named silica gel G4, is a 
better TLC material for the separation of organic acid her-
bicides. Separations which are not possible on either calcium 
sulfate or silica gel G alone can be achieved on silica gel G4. 
The results obtained are discussed in this paper. 
2 Experimental 
2.1 Apparatus 
TLC plates were coated by means of a Stahl apparatus with a 
universal applicator (thickness of the applied layers 
adjustable from 0 . 2 5 - 2 . 0 mm); glass plates (20 x 4 cm), 
glass jars (25 x 5 cm) and temperature-controlled electric 
oven were obtained from Tempo, India. 
H. S. Rathore, S. K. Saxena, and R. Sharma, Applied Chemistry Department, 
Z. H. College of Engineering, Aligarh Muslim University, Aligarh-202002, India. 
2.2 Reagents and Chemicals 
Calcium sulfate dihydrate and silica gel G were obtained 
from Merck, India; silver nitrate from BDH; soap and deter-
gent from Hindustan Lever Ltd, India; and bromophenol 
blue, herbicides, and plant growth regulators from Sigma, 
USA. All other chemicals were of analytical grade. 
2.3 Preparation of Solutions 
Silver nitrate solution was prepared in distilled water and kept 
in a dark colored bottle to prevent oxidation. Soap or deter-
gent (2 g) were shaken with 100 ml hot ethanol and filtered. 
The clear filtrate obtained was used for the chromatographic 
studies [7]. Solutions of herbicides and plant growth regu-
lators (2 %) were prepared in ethanol. 
2.4 Preparation of Plates 
Silica gel G (40 g) was made into a slurry with distilled water 
(D,W., 70 ml) and a layer 0.5 mm thick applied to glass plates 
(coating I). The plates were first allowed to dry at room tem-
perature and then in a temperature-controlled electric oven 
at 110° for 1 h. Plates were coated with other mixtures ac-
cording to the proportions listed below. 
Coating I: Silica gel G (40 g) -1- D.W. (70 ml). 
Coating II; Calcium sulfate (10 g) -1- silica gel G (40 g) -1-
D.W, (115 ml). 
Coating III: Calcium sulfate (20 g) + silica gel G (30 g) + 
D.W. (115 ml). 
Coating IV: Calcium sulfate (25 g) + silica gel G (25 g) -t-
D.W. (115 ml). 
Coating V: Calcium sulfate (30 g) + silica gel G (20 g) -1-
D.W. (115 ml) 
Coating VI: Calcium sulfate (35 g) + silica gel G (15 g) + 
D.W. (115 ml). 
Coating VII: Calcium sulfate (40 g) -1- silica gel G (10 g) -1-
D.W. (115 ml). 
Coating VIII: Calcium sulfate (45 g) -1- silica gel G (5 g) -1-
D.W. (115 ml). 
Coating IX: Calcium sulfate (20 g) + D.W. (45 ml). 
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Coating X; Calcium sulfate (20 g) + silver nitrate (20 mg) 
+ D.W. (45 ml). 
Coating XI: Calcium sulfate (20 g) + silver nitrate (2 mg) + 
D.W. (45 ml). 
Coating XII: Calcium sulfate (20 g) + calcium nitrate (0.5 g) 
+ D.W. (45 ml) 
Coating XIII: Lead sulfate (40 g) + D.W. (35 ml). 
Coating XIV: Calcium sulfate (10 g) + lead sulfate (10 g) + 
D.W. (30 ml). 
Coating XV: Calcium sulfate (20 g) + lead sulfate (40 g) + 
D.W. (100 ml). 
Coating XVI: Silica gel (20 g) + titanium oxide (0.5 g) + 
D.W. (50 ml). 
Coating XVII:Calcium phiosphate (20 g) + D.W. (45 ml). 
2.5 Spotting of Test Solution and Rf Values 
Test solutions (2% in etfianol) were spotted on to tfie plates 
With a fine capillary. The plates were dried at 110° for 2 min 
and then developed. For tailing peaks the front limit (Rl) and 
rear limit (RT) were measured while for compact spots f?f 
values were calculated in usual way [1]. 
2 6 Identification Method 
The herbicides and plant growth regulators were visualized 
by spraying the plates with an alkaline ethanolic solution of 
bromophenol blue (0.1 %). 
nitrate (coatings X and XI) and calcium nitrate (coating XII) 
developed in distilled water. Rf values of these compounds 
on lead sulfate, titanium oxide, calcium phosphate and their 
mixtures are summarized in Table 2. Chromatographic data 
obtained from silica gel G4 developed with different solvents 
are recorded in Table 3 a-c. Separations achieved on silica 
gel G4 are listed in Table 4. 
Table 2 
Behaviour of some carboxylic acid herbicides developed with 
acetone on lead sulfate, titanium oxide, calcium phosphate and 
their mixtures. 
XVII 
\ Coat-
Corn- \ 
pounds 
PXA 
CPXA 
2,4-D 
2,4,5-T 
TCA 
a-NPA 
/j-NPA 
i3-NPXA 
GA 
lAA 
Ings XIII 
0 
0 
0 
0 -
0 
0,1 
0,1 
0 
0 -
0,1 
10 
10 cm 
XIV 
0 - 7 . 8 cm 
0 - 6 c m 
0 - 5 . 5 cm 
0 - 5 . 8 cm 
0 - 2 . 8 cm 
1 
1 
0 - 7 . 3 cm 
0 - 10 cm 
0,1 
XV 
fi, values 
0 - 4 . 2 cm 
0 - 3 . 8 cm 
0 - 2 . 2 cm 
0 - 4 . 3 cm 
0 - 2 . 8 cm 
0 - 8 cm 
0 - 5 cm 
0 - 3 c m 
0 - 1 0 c m 
0 - 8 . 8 cm 
XVI  
0,1 1 
0 1 
0 1 
0 1 
0 1 
0.1 1 
0 1 
0 1 
0 - 1 0 c m 1 
0,1 1 
If lest material breaks down in two spots two R, values have been reported 
Compounds as in Table 1. 
3 Results and Discussion 
Results showing the chromatographic behavior of the differ-
ent mixtures of silica gel G and calcium sulfate, developed in 
propanol, are given in Table 1. Rf values of 1 were obtained 
when the compounds under study (see Table 1) were chro-
matographed on calcium sulfate impregnated with silver 
Table 1 shows that the compounds under study have Rf 
values 0 and 1 on silica gel G and calcium sulfate respec-
tively so cannot be separated on either. lAA breaks down into 
two spots with Rf values of 0 and 1 on silica gel G yet 
remains a single spot with Rf = 1 on calcium sulfate. As may 
be expected from their Rf values, i.e. 0 and 1 on silica gel G 
and calcium sulfate respectively, all the compounds start to 
Table 1 
Behavior of some carboxylic acid herbicides developed with propanol on silica gel G, calcium sulfate and their mixtures. 
Coatings 
i..ornpounds .. 
F-'-XA 
CPXA 
2 4-D 
:C4,5-T 
u:.f\ 
.» NPA 
J-NPA 
>-NPXA 
GA 
;AA 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0,1 
II 
0 - 3 . 5 c m 
0 - 3 . 4 cm 
0 - 2 . 5 cm 
0 - 2 . 5 cm 
0 - 1.5cm 
0.8 
-
0 - 2 . 3 cm 
0 - 2 , 3 c m 
0 - 6 . 5 c m 
III 
0 - 3 , 5 c m 
0 - 3 c m 
0 - 3 cm 
0 - 4 . 3 cm 
0 - 1 , 9 cm 
1 
0 - 6 c m 
0 - 2 , 8 c m 
0 - 7 , 3 cm 
0 - 6 . 5 cm 
IV V VI 
R, values or migration distances in cm 
0 - 5 . 3 cm 
0 - 4 . 5 cm 
0 - 3 . 3 cm 
0 - 5 . 3 cm 
0 - 2 , 5 c m 
1 
0 - 8 , 5 cm 
0 - 4 , 5 cm 
0 - 1 0 cm 
0 - 7 , 5 cm 
0 - 5 , 5 cm 
0 - 5 , 5 c m 
0 - 3 , 7 c m 
0 - 4 c m 
0 - 3 , 8 cm 
1 
1 
0 - 4 , 8 cm 
1 
1 
0 - 7 , 5 cm 
0 - 5,5 cm 
0 - 4 , 6 cm 
0 - 5 , 5 cm 
0 - 4 , 5 cm 
1 
1 
0 - 6 , 8 cm 
1 
1 
VII 
0 - 1 cm 
0 - 6 , 4 cm 
0 - 5 , 7 cm 
0 - 6 . 2 cm 
0 - 6 . 9 c m 
1 
1 
0 - 7 . 5 cm 
1 
1 
VIII 1) 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
\< test material breaks down in two spots two R, values are reported. Herbicides: PXA = phenoxyacetic acid; CPXA = p-chlorophenoxyacetic acid; 2,4-D -- 2,4-
ciichlorophenoxyacetic acid; 2,4,5-T = 2,4,5-trichlorophenoxyacelic acid; TCA = trichloroacetic acid; a-NPA = a-naphthaleneacetic acid'/i-NPA = /3-naphtha-
ifr.eacetic acid;/i-NPXA = /3-naphthoxyaceticacid; GA = gallic acid; lAA = indole-3-aceticacid. 
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Table 3 (a) 
Behavior of some caboxylic acid herbicides developed with different solvents on silica gel G, (coating VII). 
" \ ^ Solvents Acetone 
Compounds ^ 
PXA 1 
CPXA 1 
2,4-D 1 
2,4,5-T 1 
TCA 1 
a-NPA 1 
/3-NPA 1 
/3-NPXA 1 
GA 1 
lAA 1 
Acetonitrile Amyl alcohol Benzene 
R, values or migration distances (cm) 
0 - 9 cm 
0 - 6 . 5 cm 
0 - 7 cm 
7 - 1 0 cm 
0 - 1 0 c m 
6 . 5 - 1 0 c m 
1 
0 - 5 cm 
1 
1 
0 - 2 cm 
0 , 0 . 7 - 1 . 4 c m 
1 - 2 c m 
0 
1 - 3 c m 
2 - 6 c m 
0 . 7 - 3 . 5 cm 
0 - 1 cm 
0 
0 - 1 cm 
Chlorobenzene 
0 - 0 . 8 cm 
0 - 0 . 8 c m 
0 - 0 . 8 c m 
0 - 1 . 3 cm 
0 - 1 cm 
0 - 3 cm 
0 - 2 c m 
0 - 0 . 8 c m 
0 
0 
Nitrobenzene 
0 - 4 . 7 c m 
0 - 4 . 3 c m 
0 - 4 . 2 c m 
0 - 5 . 6 c m 
0 - 4 . 5 cm 
5 . 2 - 8 cm 
4 . 2 - 7 cm 
0 - 4 . 8 c m 
0 
3.1 - 4 . 7 cm 
Compounds as in Table 1. 
Table 3 (b) 
Behavior of some carboxyllc acid herbicides developed with different solvents on silica gel G^ (coating VII). 
\^ 
Compour 
PXA 
CPXA 
2,4-D 
2,4,5-T 
TCA 
a-NPA 
/3-NPA 
/3-NPXA 
GA 
lAA 
Solvents 
ds \ 
1-Butanol 
• ^ ^ . 
0 - 7 . 5 c m 
0 - 7 . 5 cm 
0 - 5 c m 
0 - 7 . 5 c m 
0 - 1 0 c m 
1 
1 
0 - 8 c m 
0 - 1 0 c m 
0 - 1 0 cm 
Chloroform 
2 . 4 - 4 c m 
1 - 2 c m 
2 . 5 - 3 . 5 cm 
1 - 1.5 cm 
4 - 5 . 5 cm 
3 - 7 c m 
3 . 5 - 6 . 2 c m 
3 - 4 , 5 cm 
0 
1 .3 -2 .7 cm 
Carbon Dioxane 
Tetrachloride 
R, values or migration distances (cm) 
0 1 
0 1 
0 1 
0 1 
0 1 
0 - 0 . 8 cm 1 
0 - 2 . 5 c m 1 
0 1 
0 1 
0 1 
Ethanol 
0 - 8 . 5 c m 
0 - 1 cm 
0 - 7 c m 
0 - 5 cm 
0 - 7 cm 
1 
1 
0 - 8 . 5 cm 
1 
1 
Ethanolic coconut 
solution 
0 - 3 . 3 cm 
0 - 2 . 5 cm 
0 - 1 . 2 cm 
0 - 3 . 6 cm 
0 - 2 cm 
0 - 2 . 5 cm 
0 - 4 . 2 c m 
0 - 3 cm 
0 - 9 cm 
0 - 1 . 8 cm 
Compounds as in Table 1. 
Table 3(c) 
Behavior of some carboxylic acid herbicides developed with different solvents on silica gel G4 (coating VII) 
\ 
^ 
Compou 
PXA 
CPXA 
2,4-D 
2,4,5-T 
TCA 
a-NPA 
/3-NPA 
/3-NPXA 
GA 
lAA 
Solvents 
N_ 
ids \ > 
Ethanolic 
detergent 
solution 
\ 
0 - 9 . 2 cm 
0 - 7 . 8 cm 
0 - 9 cm 
0 - 6 c m 
0 - 6 cm 
1 
1 
0 - 7 . 5 c m 
0 - 1 0 c m 
1 
Ethanolic soap 
solution 
3 . 5 - 9 cm 
3 . 5 - 9 . 5 cm 
2 . 8 - 8 . 3 cm 
3 . 2 - 1 0 c m 
5 . 5 - 8 . 5 cm 
1 
1 
4 . 5 - 1 0 c m 
7 - 9 , 5 cm 
1 
Hexane 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Propanol Pyridine 
fli values or migration distances (cm) 
0 - 1 cm 
0 - 6 . 4 cm 
0 - 5 . 7 cm 
0 - 6 . 2 cm 
0 - 7 c m 
1 
1 
0 - 7 . 5 cm 
1 
1 
0 - 8 . 6 c m 
0 - 8 . 5 cm 
0 - 6 cm 
0 - 8 cm 
0 - 1 . 5 cm 
0 - 9 . 5 cm 
1 
0 - 8 cm 
0 - 1 0 c m 
1 
1 % Aqueous 
silver nitrate 
0 - 5 . 5 c m 
0 - 4 . 1 cm 
0 - 2 . 5 cm 
0 - 3 . 3 c m 
0 - 5 c m 
0 - 4 . 5 cm 
0 - 4 . 5 cm 
0 - 4 cm 
0 - 1 cm 
0 - 4 . 5 cm 
Distilled water 
0.7 
0 - 5 . 4 cm 
-
0 - 5 . 6 cm 
1 
0 
0 
0 
1 
1 
Compounds as in Table 1. 
Journal of Planar Chromatography VOL.3, MAY/JUNE 1990 2 5 3 
' :;i;omalographic Behavior of Herbicides 
Table 4 
Separations achieved on coating VII with different solvent 
systems R, values or migration distances (cm). 
ompound From 
jparated 
: 8 -8.3 001) 
H P A 
•iPA 
iPA 
Solvent 
system 
ethanolic 
soap solution 
amyl alcohol 
ethanolic 
detergent 
solution 
ethanol 
lAA (1), a-NPA (1) and /3-NPA (1) 
CPXA (0 - 6.5 cm), 2.4-D (0 - 5.5 cm). 
/:J-NPXA (0 - 5.5 cm) and PXA ( 0 - 6 cm; 
CPXA ( 0 - 8 . 5 cm), 2,4-D ( 0 - 7 . 5 cm), 
/i-NPXA (0 - 7,5 cm), PXA (0 - 8.5 cm), 
2,4,5-T (0 - 7,5 cm) and TCA ( 0 - 7 cm) 
CPXA ( 0 - 4 , 5 cm), 2,4-D ( 0 - 5 cm), 
j i-NPXA ( 0 - 6 cm), PXA ( 0 - 8 cm), 
2,4,5-T ( 0 - 5 cm) and TCA ( 0 - 3 cm) 
CPXA ( 0 - 6 cm), 2,4-D ( 0 - 5 cm), 2-propanol 
2.4,5-T ( 0 - 7 cm) and TCA (0 - 4.5 cm) 
CPXA (0 - 4.5 cm), 2,4-D (0 - 4,5 cm), pyridine 
rv-NPA ( 0 - 6 cm), /3-NPXA ( 0 - 6 cm), 
2,4,5-T (0 - 4,5 cm), TCA ( 0 - 7 cm) and 
PXA ( 0 - 6 . 5 cm) 
CPXA (0 - 6.5 cm), 2,4-D (0 - 6.5 cm), amyl alcohol 
p'-NPXA ( 0 - 6 cm) and PXA (0 - 5.5 cm) 
CPXA (0 - 6,5 cm), 2,4-D ( 0 - 5 cm), ethanol 
,.i-NPXA ( 0 - 7 . 5 cm), PXA (0 - 7.5 cm), 
2.4,5-T ( 0 - 5 cm) and TCA ( 0 - 3 cm) 
CPXA (0 - 5,5 cm), 2,4-D (0 - 4.3 cm), 2-propanol 
;:J-NPXA ( 0 - 5 , 5 cm), 2,4,5-T 
(0 - 7.5 cm) and TCA ( 0 - 3 cm) 
CPXA ( 0 - 7 cm) amyl alcohol 
CPXA (0 - 8.5 cm), 2,4-D ( 0 - 7 cm). 1-butanol 
,d-NPXA ( 0 - 8 cm), PXA (0 - 7.5 cm) and 
2,4,5-T ( 0 - 8 . 5 cm) 
CPXA (0 - 8.5 cm), 2,4-D (0 - 7.5 cm), 
CJ-NPXA (0 - 7.5 cm), PXA ( 0 - 7 , 5 cm) 
2,4,5-T ( 0 - 8 cm) and TCA ( 0 - 6 cm) 
CPXA (0 - 6,5 cm), 2,4-D ( 0 - 6 cm), 
iJ-NPXA (0 - 4,5 cm), 2,4,5-T (0 - 5 cm 
TCA (0 - 7,5 cm) and PXA ( 0 - 6 cm) 
GA(0), and TCA ( 0 - 2 . 5 cm) 
ethanolic 
detergent 
solution 
ethanol 
nitrobenzene 
CPXA (0 - 5.5 cm), 2,4-D ( 0 - 5 cm), 
/i-NPXA ( 0 - 6 cm), 2,4,5-T ( 0 - 7 cm) 
and TCA ( 0 - 5 , 5 cm) 
GA(1)and lAA(1) 
2-propanol 
distilled 
water 
CPXA (0 - 7,5 cm), 2,4-D ( 0 - 5 cm), amyl alcohol 
/3-NPXA ( 0 - 6 cm) and PXA ( 0 - 7 . 5 cm) 
CPXA (0 - 7.5 cm), 2,4-D (0 - 7.5 cm), 1-butanol 
/'i-NPXA ( 0 - 8 cm), PXA (0 - 8,5 cm) and 
2,4,5-T ( 0 - 8 cm) 
Table 4 (continued) 
Compound From 
separated 
Solvent 
system 
/i-NPA 
(1) 
/j-NPA 
(1) 
,3-NPA 
(1) 
/i-NPA 
(1) 
/3-NPA 
(1) 
/3-NPA 
(0) 
/3-NPXA 
( 0 - 7 cm) 
TCA 
(3 ,5 -5 ,5cm) 
TCA 
(1) 
/3-NPXA (0 - 7,5 cm) 
CPXA ( 0 - 6 cm), 2,4-D ( 0 - 7 cm), 
TCA ( 0 - 7 cm) and PXA (0 - 7.5 cm) 
CPXA ( 0 - 5 cm), 2,4-D ( 0 - 7 cm), 
/3-NPXA ( 0 - 4 cm). PXA (0 - 6.5 cm), 
2,4,5-T ( 0 - 6 cm) and TCA ( 0 - 4 cm) 
CPXA (0 - 8,5 cm), 2,4-D ( 0 - 5 cm), 
/3-NPXA ( 0 - 6 cm), 2,4,5-T (0 - 7,5 cm) 
and TCA ( 0 - 4 cm) 
CPXA ( 0 - 5 cm), 2,4-D ( 0 - 4 . 5 cm), 
/3-NPXA ( 0 - 5 cm), a-NPA ( 0 - 6 cm), 
PXA (0 - 6,5 cm) and 2,4,5-T (0 - 5.5 cm) 
GA(1 )and lAA(1 ) 
a-NPA (1) and 2,4,5-T (1) 
ethanolic 
soap solution 
ethanolic 
detergent 
solution 
ethanol 
2-propano! 
pyridine 
distilled 
water 
amyl alcohol 
a-NPA (1), /3-NPA (1) and lAA (1) ethanolic 
soap solution 
a-NPA (0), /3-NPA (0) and PXA (0) distilled 
water 
Retention data in parentheses. Compounds as in Table 1 
move on mixtures of calcium sulfate and silica gel G. The 
breaking of lAA into two spots was prevented by mixing cal-
cium sulfate with silica gel G (3 -i- 2, w/w) and it is, therefore, 
clear ttiat silica gel G is not a good TLC material for the chro-
matography of this material. The degradation of lAA on silica 
gel G has also been reported by Jackson and McWHA [8], It is 
also clear from Table 1 (coating VII) that because of the diffe-
rential mobility of the herbicides under study, silica gel G4 
has better chromatographic potential than other coatings; 
out of ten herbicides, four have compact spots with Rf values 
of 1, five tail from 0-7.5 cm and PXA tails only up to 1 cm, 
This coating has, therefore, been studied thoroughly. 
Table 2 shows that lead sulfate (coating XIII) is not a good 
TLC material: a-NPA, (3-NPA and lAA each break down into 
two spots with Rf values of 0 and 1, The chromatographic 
potential of lead sulfate can be improved by mixing with cal-
cium sulfate: on coating XIV, containing calcium sulfate and 
lead sulfate (1 + 1, w/w), developed in acetone, the separa-
tion of a-NPA and /3-NPA from remaining herbicides be-
comes possible. A mixture of silica gel G and titanium oxide 
(coaling XVI) is also not good because PXA, a-NPA, /i-NPA 
and lAA break down into two spots. The chromatographic be-
havior of calcium phosphate (coating XVII) is similar to that of 
calcium sulfate, all the herbicides having Rf values of 1. 
254 3L. 3, MAY/JUNE 1990 Journal of Planar Chromatogiaphy 
Tables 3(a), 3(b) and 3(c) show the chromatographic 
behavior of herbicides on silica gel G4 with different solvents. 
The time taken for different solvents to ascend 10 cm on TLC 
coating VII is in the following order: propanol = amyl alcohol 
= soap solution (70 min) > butanol (60 min) > ethanol (55 
min) > chlorobenzene = nitrobenzene = coconut oil solu-
tion = detergent solution = pyridine (30 min) > benzene = 
dioxane (22 min) > chloroform = carbon tetrachloride (15 
min) > hexane (13 min) > acetone = acetronitrile = dis-
tilled water = 1 % aqueous silver nitrate (10 min). 
The separations achieved practically with these solvents are 
listed in Table 4 and include the separation of /3-NPA from 
2,4-D in chloroform, (3-NPA from lAA in distilled water and 
TCA from PXA in distilled water. 
4 Conclusions 
Silica gel G is an excellent TLC material which has been 
used for the separation of numerous organic compounds. 
Unfortunately, silica gel G can not be used for the separation 
of carboxylic acid herbicides as on this material they have flf 
values of 0, i.e. they do not chromatograph. The newly 
developed mixture, silica gel G4 is an excellent TLC material 
for the separation of carboxylic acid herbicides. 
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Separation and Determination of Uranium and Platinum from 
Several other Metal Ions and from Mixtures by Electro-
chromatography on Zirconium(IV) Tungstate Papers 
Aditya K. Misra*, Ram P. S. Rajput, Vijay K. Maheshwari, and Dhruv K. Misra 
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7irc:onium(IV) tungstate papers 
S u m m a r y 
i he eiectrochromatograplilc behavior of 32 metal ions on 
siiconium tungstate papers in aqueous nitric and organic acids 
as well as In ethylenediaminetetraacetic acid (EDTA) mixed with 
biiJIets has been studied. The effect on electrochromatographic 
mobiiity of pH changes in aqueous nitric acid and buffers mixed 
•vith EDTA, the ionisation constants of the organic acids used as 
eiectrolytes, and other parameters such as atomic numbers and 
charge on the metal Ions, has also been investigated. Several 
important binary, ternary, and quaternary separations of cations 
Have .^iso been achieved. A rapid, quantitative microgram-sep-
aration of platinum and uranium from synthetic mixtures con-
taining two or more cations has been developed using buffered 
Introduction 
papers impregnated with zirconium(IV) tungstate using 
aqueous nitric acid, aqueous organic acids and buffer mix-
tures of EDTA at low pH as background electrolytes. 
The effect of the pH of aqueous nitric and organic acids on 
electrophoretic mobility has been reviewed, as has the varia-
tion of average mobility of metal ions with ionization con-
stants of the acids and with other parameters such as atomic 
number and charge on the ions. On the basis of the differen-
tial mobility of the metal ions a large number of separations of 
important binary, ternary, and quaternary mixtures of 
inorganic ions has been achieved. Finally, a rapid quantita-
tive separation of uranium (as U O l ^ ) and Pf*"^ (both in the 
range 25 to 100 fig) from binary, ternary and synthetic mix-
tures containing several cations has been obtained in EDTA 
with buffers at low pH on papers impregnated with zirco-
nium(l\/) tungstate. 
1 rtance of synthetic inorganic ion exchangers (SHE) 
I < 0* separation science has been reviewed [1 - 3 ] . 
! (jnated papers have frequently been employed in 
' imatography for the separation of cations [ 4 - 6 ] 
/'J Zirconium(IV) tungstate has been proved use-
' ' 'or the micro-separation of zinc, cadmium, and 
( r strontium [8], in thin layers for the separation of 
r I- •several other metal ions [9], and in papers for 
J 1'o' of 1102^+ from other metal ions [10]. The 
!• deals with the use of this exchanger in 
' studies for rapid and selective separation of 
^ platinum from mixtures of other cations by elec-
* , ir^phy. 
I t om the available literature that, in general, 
i^nus systems have been selected as background 
"•lectrochromatographic studies. No attempt 
>n'M JO use mixtures of ethylenediaminetetraac-
•ii as buffers at low pH. The present work deals 
• eiectrochromatographic behavior of metal ions on 
J Rajput. Chemistry Department, Bareilly College, 
' K, tvlatiestiwari and D, K. Misra, Chemistry Depart-
'aclabad-244001, India 
2 Experimental 
2.1 Apparatus 
Electrophoretic studies were performed on Whatman No. 1 
(chromatographic) paper strips (46.4 x 2.75 cm) using a hori-
zontal type electrophoresis apparatus run on an electroni-
cally regulated power supply unit (Systronic Ltd., India). 
Spectrophotometric studies were made using a Bausch and 
Lomb Spectronic-20 colorimeter (Bausch and Lomb Inc., 
Rochester, New York). 
2.2 Reagents and Chemicals 
Chemicals and solvents used for these studies were obtained 
from BDH, E, Merck, and Hopkins and Williams (UK). 
2.3 Preparation of Ion Exchange Papers 
Zirconium(IV) tungstate papers were prepared as described 
earlier [10] by successively dipping the paper strips in 
0.1 M zirconium oxychloride solution (15 min at room tem-
perature) and 0.1 tvi aqueous sodium tungstate solution. The 
strips were allowed to drain, washed twice with deionized 
water to remove excess reagent and finally dried at room 
temperature. 
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